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Abstract 
The objective of this study is to explore the scenarios of energy and energy-related greenhouse gases with different 
pictures of future economic structure to 2030. The scenario without change of economic structure under the current 
energy policy, namely 'reference scenario (REF)' is simulated. Economic activities in industrial and service sector 
rely on the current structure. The existing schemes of energy policy and planning, e.g. renewable energy and 
efficiency, are assumed to continue with the achievement on their target. Comparatively, an alternative scenario with 
the target of economic restructuring namely 'case with economic structural change (ECOS)' is illustrated. In this case, 
the activities in agricultural and service sector will become much more important, while the activities in industrial 
sector become saturated. By using an energy accounting model namely 'Long-range Energy Alternative Planning 
system (LEAP)', the impact of the economic structure change on the pattern of energy consumption and energy-
related greenhouse gases by sector for two different scenarios will be comparatively revealed. 
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1. Introduction 
In the past 20 years, Thailand economic growth has been driven crucially by the export engine as well 
as the investment in industries. The value-added of industrial and service sector is currently contributed by 
39 and 37.7 percent of the overall gross domestic product respectively. In the other hand, the development 
of agricultural sector seems to grow with lower pace, compared to the overall country development. The 
recent national development plan (2012-2016) has been announced with the target to promote the 
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economics in agricultural and service sector as the key elements. With the high energy intensive activities 
in industries and agricultural sector, the economic restructuring would make a significant changes on the 
pattern of energy use and the emitted energy-related greenhouse gases of the country.  
Assessment of national energy-related greenhouse gases inventories and mitigation has been done by 
various aspects for both integrated system ([1], [2], [3]) and sectoral approaches e.g. decarbonization for 
power sector ([3], [4]), energy efficiency and renewable energy ([5], [6]). Most of them are focusing on 
technology-based engineering approach. Cross-cutting issues with non-energy aspect such as national 
policy and economic structure become much more important. To develop the coherent national economic, 
and climate policies with the concern of energy security, efficiency and environment impact, the basic 
information on the impact of economic restructuring is necessary. 
The objective of this study is to explore the scenarios of energy and energy-related greenhouse gases 
with different pictures of future economic structure to 2030. The scenario without change of economic 
structure under the current energy policy, namely 'reference scenario (REF)' is simulated. Economic 
activities in industrial and service sector rely on the current structure. The existing schemes of energy 
policy and planning, e.g. renewable energy and efficiency, are assumed to continue with the achievement 
on their target. Comparatively, an alternative scenario with the target of economic restructuring namely 
'case with economic structural change (ECOS)' is illustrated. In this case, the activities in agricultural and 
service sector will become much more important, while the activities in industrial sector become 
saturated. By using an energy accounting model namely 'Long-range Energy Alternative Planning system 
(LEAP)', the impact of the economic structure change on the pattern of energy consumption and energy-
related greenhouse gases by sector for two different scenarios will be comparatively revealed. 
 
2. Methodology 
In this study, a scenario-based energy accounting model, i.e. LEAP (Long-Range Energy Alternative 
Planning system) [7] has been applied for creating long-term future scenarios. It is particularly designed 
for balancing energy system with an integrated environmental database. Emission factors are mostly relied 
on the recommendation of IPCC.  
Fig. 1 illustrated the simulation structure of the utilized model. Sectoral energy demands are 
independently derived by products of key drivers, e.g. macro-economic growth, and sectoral energy 
intensities in the demand module. In the transformation module, the requirement of each fuel will be 
fulfilled with the production of existing capacities. Primary resource is withdrawal by the required 
feedstock during the transformation process. The entire energy system is balanced by exporting the 
surplus and importing the shortage energy. Under this scheme, energy-related greenhouse gases (GHG) 
will be evaluated endogenously based on the energy consumption at each stage with the IPCC emission 
factor of tier 1, integrated in the Technology Database (TED). 
In order to reveal the impact of structural shift on the contribution of each sector, it is necessary to 
disaggregate the database into a hierarchical economic structure, comprising of the six major energy-
related sectors in harmony with the energy database [8]. The structure of energy demand and supply is 
illustrated in Fig. 2. Activities in transportation and industrial sectors are disaggregated by mode of 
transport and sub-industries, respectively. The remainders are considered as an aggregation. This structure 
relies definitely on the national energy database classified by ISIC and TSIC. For power generation, it is 
necessary to separate the structure into the individual technology in order to distinguish the characteristics 
of power production and the emitted GHG from each process. 
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Fig. 1. Calculation structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Structure of final energy demand. 
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Final energy consumption is evaluated by the product of driving activities and sectoral energy intensity 
as illustrated in the following equation 
Energy demand [ktoe]  = Activities [unit] x Energy intensity [ktoe/unit] (1) 
Activity parameters are identified individually by sector as described in Fig.2. Economic parameters, 
e.g. gross domestic product and sectoral value-added, are considerably the key factor to shape the long-
term energy demand and supply. 
 
3. Scenario 
3.1. The reference scenario (REF) 
The reference scenario presents the future prospect under the pathway of current energy policy without 
change of economic structure prospect. Ambitious economic growth rate and energy security is 
considerably the first priority among other key drivers. The current energy planning e.g. National 
Renewable Development Plan (REDP) and Power Development Plan (PDP) has been adopted into the 
account. According to the PDP, ambitious target long-term growth of the overall gross domestic product 
of 4 percent annually is expected. This figure is utilized for the evaluation of long-term load forecast.  
The assumption of sectoral economic activities for the reference scenario is illustrated in Table1. 
According to the historical development (Fig. 3) and prospect without structural change [9], industrial and 
commercial sectors will increase their contribution to the overall economy, while the activities in the 
agricultural sector will be in opposite direction. This scenario also complies with the trends of labor 
migration to the city and industrial estate, which reflect the switching of agricultural to industrial base in 
the past. 
Table 1. Share of economic value-added by major sector for the reference scenario (unit: percent). 
 
 
 
 
 
 
 
Remark: Others are including the activities in mining, construction and unspecific others 
2009 2011 2013 2015 2020 2025 2030
Agriculture 8.9 8.5 8.0 7.7 7.5 7.5 7.5
Transportation 9.9 10.0 10.1 10.2 10.2 10.2 10.2
Industrial 39.0 39.4 39.5 39.5 39.4 39.4 39.4
Commercial 37.7 38.0 38.3 38.6 38.8 38.8 38.8
Others 4.5 4.3 4.1 4.1 4.1 4.1 4.1
100 100 100 100 100 100 100
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Fig. 3. Historical development of sectoral valued-added. 
Other related key assumption of the reference scenario are described as follows 
x Population is increasing at slower rate year by year from a number of 66.4 million person in 2009 to 
70.5 million person within 2030. This figure refers to the previous publication of National Economic 
and Social Development Board. [10] 
x Sectoral energy intensities are continuously improved at the same rate of historical development.    
x The switching of road to rail transportation can be implemented according the master plan of national 
transportation development. [11] 
x There is an optimistic prospect on renewable energy market. Utilizations of renewable energy are 
driven to achieve the target of Renewable Energy Development Plan (REDP) [12]. Alternative fuels 
can penetrate to 20 percent of final energy demand in 2030. 
x Fuel options for power supply rely on the national power development plan (PDP2010) [13]. Coal, 
nuclear, renewable energy and power purchasing are all the options to diversify the great dependency 
on natural gas, which is accounted for 70 percent. 
3.2. The scenario with economic structural change (ECOS) 
This alternative scenario presents the target future prospect of economic restructuring according the 
recent national economic development plan (year of 2012-2016). In this case, the activities in agricultural 
and service sector will become much more important, while the activities in industrial sector become 
saturated. Activities for transportation are assumed to increase in accordance with the growth of 
commercial activities. Structural shift from industrial to service based economy is expected within a 
decade ahead. This requires large amount of investment and integrated policies to drive into this direction. 
It must be noted that the ECOS scenario presents the picture of economic restructuring without change of 
energy policy and plan. This will reflect to the disconnection between economic and energy policy 
scenario. In this case, energy policies keep focusing only on the energy supply security, renewable energy 
promotion and efficiency improvement without the consideration of economic structural shift.  
The assumptions of sectoral economic activities are illustrated in Table 2. It is assumed that energy 
efficiency of fuel consumption are identical with the reference case. There is no major adjustment of the 
energy supply production plan e.g. power development plan (PDP), refinery and gas separation plant 
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expansion. Shortage and surplus of domestic energy supply will be fulfilled by import and export 
mechanism to serve energy security requirement. 
Table 2. Share of economic value-added by major sector for the ECOS scenario (unit: percent). 
 
 
 
 
 
 
Remark: Others are including the activities in mining, construction and unspecific others 
4. Sensitivity Analysis 
In order to clarify sensitivity of the model, range of the key factor of  is identified. In this case, gross 
domestic product (GDP) is treated as the representative of the macroeconomic parameter. The assumption 
of GDP growth rate for sensitivity testing is illustrated in Table 3.   These figures rely on the assumption 
of economic prospect for official load forecast. The corresponding final energy consumption is illustrated 
in Fig. 4. It can be seen that the optimistic of economic growth in the HIGH case is resulting in the 
increasing of final energy consumption by approximately 4.1 percent. In contrast, the pessimistic prospect 
in the LOW case is resulting in the decreasing of final energy consumption by approximately 4.2 percent 
in 2030, compared to the REF case. 
Table 3. Growth rate of GDP for sensitivity testing (unit: percent). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Historical development of sectoral valued-added. 
2009 2011 2013 2015 2020 2025 2030
Agriculture 8.9 9.0 9.1 9.2 9.5 9.7 9.9
Transportation 9.9 10.0 10.1 10.2 10.4 10.6 10.8
Industrial 40.1 39.6 39.1 38.7 37.7 36.7 35.6
Commercial 36.7 37.2 37.5 37.8 38.6 39.3 40.1
Others 4.5 4.2 4.1 4.1 3.9 3.8 3.6
100 100 100 100 100 100 100
2009 2011 2013 2015 2020 2025 2030
HIGH. -2.3 4.28 4.24 4.83 4.58 4.28 4.28
LOW. -2.3 3.88 3.5 3.97 3.87 3.58 3.58
REF -2.3 4.02 4.06 4.46 4.24 3.92 3.92
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5. Results 
Economic restructuring would slightly affect to the overall energy demand as illustrated in Fig. 5. 
Under the assumption of economic structural shift, there is no significant change on the overall structure 
of energy system. Transportation and industrial sector are still the major contribution of final energy 
demand. The impact of economic structural shift can be presented in term of the fuel mix, as illustrated in 
Fig.  6. For the ECOS scenario, it can be clearly seen the significant reduction of fossil fuels and 
electricity demand due to the lower pace of industrial growth compared to the REF scenario. In the mean 
time, the demand of petroleum product will be much more accelerated compared to the REF scenario. 
This causes mainly by the rising of the oil intensive activities in transportation and agricultural sector. As 
a whole picture of final energy demand, the overall energy intensity of the ECOS case will be slightly 
larger than the REF case in approximately 1.2 Mtoe, accounting for 1.1% of total final energy 
consumption in 2030.   Although service sector is considerably one of the less energy intensive sector, the 
momentum of highly energy intensive transportation activities is much greater, in particular the diesel 
consumption to serve the demand rising in transportation and agricultural activities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Share of final energy consumption  by sectors;  (a) REF scenario; (b) ECOS scenario. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Deviation of final energy consumption in the ECOS compared to the REF. 
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The structural shift in economic activities also affect to the emitted greenhouse gases from the energy 
sector as illustrated in Fig 7. It can be seen the direct relationship between greenhouse gas emission and 
final energy demand. The reduction of electricity demand in the ECOS case will be appeared by the lower 
requirement of domestic power production, resulting to the lower GHG in power generation sector. Since 
there is no expansion of petroleum refinery, the incremental demand of oil product in the ECOS case will 
be directly handled by import mechanism. Thus, there is no significant change on the GHG emitted from 
the refinery module. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Comparison of GHG emission by energy sector in 2030 
As illustrated in Fig. 8, the economic structure shift without revision of energy plan will significantly 
increase the overall GHG by almost 40 tons of CO2 equivalent cumulatively within 2030, compared to 
the reference case. In order to relieve such an impact on the energy system and national GHG level, it is 
necessary to push up more afford on the energy efficiency scheme and alternative energy promotion, in 
particular for transportation and agricultural sector.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Incremental energy-related GHG emission of ECOS compared to REF. 
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6. Conclusion 
The impact of economic restructuring on the energy demand and supply is investigated. Based on the 
national economic development plan, the structural shift of industrial-to-service base is resulting in higher 
energy intensity with higher GHG level. The results of the economic restructuring case also indicate the 
significant reduction of fossil fuels and electricity demand due to the lower pace of industrial growth 
while, the demand of petroleum product will be much more accelerated compared to the reference 
scenario. This causes mainly by the rising of high energy intensive transportation activity. It must be 
noted that the ECOS scenario is already included the transportation plan to shift the high energy intensive 
road and airway to railway transport, similar to the REF scenario. Thus, national energy policy and plan 
should be more adapted in coherent with the national economic and social development. According to the 
aforementioned results, energy planning should focus more intensively on the alternative energy to 
replace petroleum consumption and efficiency improvement in transportation sector. In addition, 
community-based bio-fuel production should be progressively take into the account to relieve the impact 
of unsustainable diesel supply in agricultural sector and narrow down the gap between national economic, 
climate and energy policies.   
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